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$u\cross$ rotu $=$ O, divu $=0$ , rot $u\neq 0$
$u(x)$ $u(x)$
19 I. S. Gromeka E. Beltrami 20
[1], [2].
(force-free field”
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22.1
E H
$\epsilon\dot{E}=$ rot $H$ , $\mu\dot{H}=$ -rot E, divE $=divH=0$ (1)
$E=\Lambda(\begin{array}{l}cos(kz-\omega t)sin(kz-\omega t)0\end{array})$ , $H=\Lambda\sqrt{\frac{\epsilon}{\mu}}(\begin{array}{l}-sin(kz-\omega t)cos(kz-\omega t)0\end{array})$ (2)
$A$ $k$ $\omega$ $k=\omega\sqrt{c\mu}$
(2) $E$ $H$ $t$
(2) $E$ $H$ $t$
( [9, \S 5])
(2) $t$ (1) $E$ $H$
2.2
[10] (1)






$E=A(\begin{array}{l}coskzsinkz0\end{array})\cos\omega t$ , $H=A\sqrt{\frac{\Xi}{l^{l}}}(\begin{array}{l}coskzsinkz0\end{array})\sin\omega t$ (4)




(1) $E\parallel H$ (1) $E\parallel H$
1980 $[10]-[13]$ .
[12] $E//H$
$E=W(x, t)\cos f(x, t)$ , $H=\sqrt{\overline{\mu}\ulcorner}w(x, t)\sin f(x, t)$ (5)
rotW $=-\sqrt{\epsilon\mu}f$ W, divW $=0_{;}$ $\sqrt{\in\mu}\dot{W}=-W\cross gradf$ , $W\cdot gradf=0$ (6)
(3) $W=V(x)$ $f=\omega t$
(6) 1, 2 rot $W\neq 0$ $t$ $W$
(5) (6)
rot $E=-\sqrt{\epsilon\mu}\dot{W}\sin f-\sqrt{\in\mu}\dot{f}E$ , rot $H=\epsilon$Wcos $f-\sqrt{\epsilon\mu}fH$
$\dot{W}=0$ (5) ( (6)
3 $\dot{W}\perp W$ ). $\dot{W}=0$ (5) (3) [12, \S 3,
case II]. $E$ $H$ $E$ $H$ (3)
1 E H








$E=\frac{\Lambda}{2}(\begin{array}{l}cos(kz-\omega t)sin(kz-\omega t.)0\end{array})+\frac{\Lambda}{2}(\begin{array}{l}cos(kz+\omega t)sin(kz+\omega t_{\prime})0\end{array})$
(4) ( )
$($ $k>0, \omega>0)$ (
$k<0_{\}}\omega<0)$
(4) (5) $W=A(\sin\omega t, -\cos\omega t, 0),$ $f=kz+\pi/2$
$E\parallel H$ :
$E=-A(\begin{array}{l}sin\omega t-cos\omega t0\end{array})\sin kz$ , $H=A\sqrt{\overline{\mu}\vee-}(\begin{array}{l}sin\omega t-cos\omega t0\end{array})\cos kz$ (7)
$E$ $H$ $z$ $\omega$
(7) (7)
$E=\frac{A}{2}(\begin{array}{l}-cos(kz-\omega t)sin(kz-\omega t)0\end{array})+\frac{A}{2}(\cos\sin\{_{kz_{0}+\omega t)}^{k_{Z}+\omega t)})$
(7)
(4) (7) 1960 [14, pp. 47-48].
4
4.1







$\omega=-2\pi(10.0\cross 10^{9})=-6.28\cross 10^{10}s^{-1},$ $k=$















( ) (4) $z$
$E_{x}$ $H_{x}$ $|\cos kz|$ , $E_{y}$ $H_{y}$ $|\sin kz|$
( $20\log_{10}|\cos kz|$ $20\log_{10}|\sin kz|$ )
5,6










7, 8 $z$ $\cos(|\omega|(t-t_{0})+\phi(z))$ $\cos(\omega(t-t_{0})-$
$\phi(z))$ $\phi(z)$ to
(resp. ) $-\omega t_{0}$
$\phi_{0}$ (resp. $\psi_{0}$ ) (4) $E_{x}$ 1




$\phi(E_{y};z)=\{\begin{array}{ll}\phi_{0} (\sin kz>0 \text{ } )\phi_{0}\pm\pi (\sin kz<0 \text{ } )\end{array}$
$\phi(H_{x};z)=\{\begin{array}{ll}\psi_{0}+\pi/2 (\cos kz>0 \text{ } )\prime\psi)0+\pi/2\pm\pi (\cos kz<0 \text{ } )\end{array}$
$\phi(H_{y};z)=\{\begin{array}{ll}\psi_{0}+\pi/2 (\sin kz>0 \text{ } )\psi 0+\pi/2\pm\pi (\sin kz<0 \text{ } )\end{array}$
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( $\phi_{0},\psi_{0}$ ).
$\cos kz$ $\sin kz$ 9 7, 8
(4)
$\Leftrightarrow\epsilon_{P}$ $($ $S$ $T$ $d\}$
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9: $\cos kz,$ $\sin kz$
(7) 10-13
(7) $z$
$E_{x}$ $E_{y}$ $|\sin kz|,$ $H_{x}$ $H_{y}$ $|\cos kz|$ (
$20\log_{10}|\sin kz|$ $20\log_{10}|\cos kz|$ ) 10, 11








$\phi(E_{x};z)=\{\begin{array}{ll}\phi 0+\pi/2\pm\pi (\sin kz>0 \text{ } )\phi 0+\pi/2 (\sin kz<0 \text{ } )\end{array}$
$\phi(E_{y};z)=\{\begin{array}{ll}\phi_{0} (\sin kz>0 \text{ } )\phi_{0}\pm\pi (\sin kz<0 \text{ } )\end{array}$
$\phi(H_{x};z)=\{\begin{array}{ll}\psi_{0}+\pi/2 (\cos kz>0 \text{ } )\psi_{0}+\pi/2\pm\pi (\cos kz<0 \text{ } )\end{array}$





$\Xi_{\chi}$ (measured) A $\Xi_{i}$, (measured)









$c:)H_{X}$ (measured} $\Delta\succ;_{y}$ (measured)








(3) $E\parallel H$ (
) rot V $=-kV$ $k$ ( )
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